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Abstract
© 2018 SPIE. The preliminary data of studying optical gain properties of active media using the
open aperture  z-scan technique without  an additional  probe beam are demonstrated.  The
prospects of evaluating pump induced photodynamic processes parameters in UV solid-state
active  media  on  the  pumping  and  lasing  wavelengths:  excited-state  absorption  and
photoionization cross-sections of active ions, effective absorption and ionization cross-sections
of color centers and recombination rates are discussed.
http://dx.doi.org/10.1117/12.2318950
Keywords
active media, amplified spontaneous emission, optical gain, Z-scan
References
[1] Koechner, W., [Solid-State Laser Engineering], Springer-Verlag, New York (2006).
[2] Denker, B. and Shklovsky, E., [Handbook of Solid-State Lasers. Materials, Systems and Applications] Woodhead
publishing series in electronic and optical materials, 35 (2013).
[3] Silfvast, W. T. [Laser Fundamentals], Cambridge university press (2004).
[4] Semashko,  V.  V.,  "Problems  in  searching  for  new  solid-state  UV-and  VUV  active  media:  the  role  of
photodynamic processes, " Phys. of Solid State 47(8), 1507-1511 (2005).
[5] Hamilton, D. S.,  "Trivalent cerium doped crystals as tunable system. Two bad apples,  "  Hammerling, P.,
Budgor, A. B. and Pinto, A. eds., [Tunable Solis-State Lasers], Springer-Verlag, Berlin, 80-90 (1985).
[6] Jander, P., Sahu, J. K. and Clarkson, W. A., "High-power Er: YAG laser at 1646 nm pumped by an Er, Yb fiber
laser, " Proc. SPIE 5620, 297-307 (2004).
[7] Sorokin, E., "Few-cycle laser pulse generation and its applications, " Topics in Applied Physics 95, 3-73 (2004).
[8] Allen, L. and Peters, G. I., "Amplified spontaneous emission and external signal amplification in an inverted
medium, " Physical review A 8(4), 2031-2047 (1973).
[9] Silfvast, W. T. and Deech, J. S., "Six dB/cm Single-Pass Gain at 7229 A in Lead Vapor, " Appl. Phys. Lett. 11(3),
97-99 (1967).
[10] Marowsky, G.,  Tittel,  F.  K.,  Wilson, W. L.  and Frenkel,  "Laser gain measurements by means of amplified
spontaneous emission, " Appl. Opt. 19(1), 138-143 (1980).
[11] Smith, P. W., Liao, P. F., Shank, C.V., Lin, C. and Maloney, P. J., "The POPOP Dye Vapor Laser, " IEEE J. Quantum
Electron. QE-11(2), 84-89 (1975).
[12] Shank, C. V., "Physics of Dye Lasers, " Rev. Mod. Phys. 47(3), 649-657 (1975).
[13] Shaklee, K. L., Nahory, R. E. and Leheny, R. F., "Optical Gain in Semiconductors, " J. Lumin. 7, 284-309 (1973).
[14] Pazzi, G. P., Baldecchi, M. G., Fabeni, P., Linari, R., Ranfagni, A., Cetica, M. and Simkin, D. J., "Optical Gain
Measurements in Doped Alkali-Halides, " Opt. Commun. 43(6), 405-408 (1982).
[15] Semashko, V. V., Abdulsabirov, R. Yu., Korableva, S. L., Naumov, A. K., Galjautdinov, B. M., Cefalas, A. C., Kollia,
Z. and Sarantopoulou, E., "The Excited State Absorption from the 5d-States of Ce3+ Ions in LiCaAlF6 Crystals, "
Proceedings of SPIE 3239, 240-245 (1997).
[16] Van Stryland, E. W. and Sheik-Bahae, M., "Z-scan measurements of optical nonlinearities, " Kuzyk, M. G. and
Dirk, C. W. eds. [Characterization Techniques and Tabulations for Organic Nonlinear Materials], Dekker inc.,
Marcel, 655-692 (1998).
[17] Oliveira, L. C., Catunda, T. and Zilio, S. C., "Saturation effects in Z-scan measurements, " Jpn. J. Appl. Phys. 35,
2649-2652 (1996).
[18] Hai, L. H., Hung, N. D., Diwa, G., Quema, A., Marukami, H., Ono, S. and Sarukura, N., "Ce3+:LiCaAlF6 crystals
as a solid-state ultraviolet saturable absorber and role of exited state absorption, " Jpn. J. Appl. Phys. 44(11),
7984-7986 (2005).
[19] Galiev, A., Semashko, V., Akhtyamov, O., Shnaidman, S., Marisov, M., Nizamutdinov, A. and Shavelev, A.,
"Pump-probe studies of absorption saturation and optical gain in Ce:LiCaAlF6 ultraviolet active medium, " J.
Phys. Conf. Ser. 478, 012024 (2013).
[20] Nizamutdinov, A. S., Semashko, V. V., Naumov, A. K., Korableva, S. L., Marisov, M. A., Efimov, V. N. and
Nurtdinova, L. A., "Characterization of Ce3+ and Yb3+ doped LiF-LuF3-YF3 solid solutions as new UV active
media, " Proc. Of SPIE 7994, 79940H1 (2001).
[21] Guliano, C. R. and Hess, L. D., "Nonlinear absorption of light: optical saturation of electronic transitions in
organic molecules with high intensity laser radiation, " IEEE J. Quantum Electron. QE-3(8), 358-367 (1967).
[22] Bondar, M. V., Przhonska, O. V. and Tikhonov, Y. A., "Inhomogeneous broadening of organic dyes in polymeric
media: nonlinear transmission spectra and photochemical kinetics, " J. Phys. Chem. 96, 10831-10837 (1992).
[23] Perry, J. W., Alvarez, D., Choong, I., Mansour, K., Marder, S. R. and Perry, K. J., "Enhanced reverse saturable
absorption and optical limiting in heavy-atom-substituted phthalocyanines, " Opt. Lett. 19(9), 625-627 (1994).
[24] Pritchett, T., [Models for Saturable and Reverse Saturable Absorption in Materials for Optical Limiting], Army
Research Lab., Adelphi, MD, 29 (2002).
[25] Dubinskii, M. A., Semashko, V. V., Naumov, A. K., Abdulsabirov, R. Yu. and Korableva, S. L., "Spectroscopy of a
new active medium of a solid-state UV laser with broadband single-pass gain, " Laser Phys. 3(1), 216-217
(1993).
[26] Dubinskii, M. A., Semashko, V. V., Naumov, A. K., Abdulsabirov, R. Yu. and Korableva, S. L., "Ce3+-doped
colquiriite a new concept of all-solid-state tunable ultraviolet laser, " J. Mod. Opt. 40(1), 1-5 (1993).
[27] Marshall, C. D., Speth, J. A., Payne, S. A., Krupke, W. F., Quarles, G. J., Castillo, V. and Chai, B. H. T., "Ultraviolet
laser emission properties of Ce 3+ doped LiSrAlF6 and LiCaAlF6" J. Opt. Soc. Am. B. 11(10), 2054-2065 (1994).
[28] Sarukura, N., Dubinskii, M. A., Liu, Z., Semashko, V. V., Naumov, A. K., Korableva, S. L., Abdulsabirov, R. Yu.,
Edamatsu, K., Suzuki, Y., Itoh, T. and Segawa, Y., "Ce3+ Activated Fluoride Crystals as Prospective Active
Media for Widely Tunable Ultraviolet Ultrafast Lasers with direct 10-nsec Pumping, " IEEE J. of Selected Topics
in Quant. Electr. 1(3), 792-804 (1995).
[29] McGonigle, A. J. S., Coutts, D. W. and Webb, C. E., "530-mW 7-kHz cerium LiCAF laser pumped by the sum-
frequency-mixed output of a copper-vapor laser, " Opt. Lett. 24(4), 232-234 (1999).
[30] Alderighi, D., Toci, G., Vannini, M., Parisi, D., Bigotta, S. and Tonelli, M., "High efficiency UV solid state lasers
based on Ce: LiCaAlF6 crystals, " Appl. Phys. B. 83, 51-54 (2006).
[31] Sarukura, N., Liu, Z., Ohtake, H., Segawa, Y., Dubinskii, M. A., Semashko, V. V., Naumov, A. K., Korableva, S. L.
and Abdulsabirov, R. Yu.,  "Ultraviolet short pulses from an all-solid-state Ce:LiCAF master-oscillator-power
amplifier system, " Opt. Lett. 22(13), 994-996 (1997).
[32] Sarukura, N., Liu, Z., Segawa, Y., Semashko, V. V., Naumov, A. K., Korableva, S. L., Abdulsabirov, R. Yu. and
Dubinskii, M. A., "Ultraviolet subnanosecond pulse train generation from an all-solid-state Ce:LiCAF laser, " J.
Appl. Phys. Lett. 67(5), 602-604 (1995).
[33] Galiev, A.  I.,  Semashko, V. V.,  Akhtyamov, O. R.,  Shnaidman, S.  A.,  Marisov, M. A. and Shavelev, A.  A.,
"Photodynamic processes in LiCaAlF6:Ce3+ UV active medium, " J. Phys. Conf. Ser. 560, 012014 (2014).
[34] Svelto, O., [Principles of Lasers 5th eds.], Springer, Heidelberg (2010).
[35] Kazakov, B. N., Korableva, S. L., Semashko, V. V., Goriev, O. G. and Khadiev, A. R., "The experimental evidence
of the amplified spontaneous emission of Yb3+ ions in LiYbF4 crystal, " J. of Lum. 187, 410-413 (2017).
[36] Dubinskii, M. A., Semashko, V. V., Naumov, A. K., Abdulsabirov, R. Yu. and Korableva, S. L., "Towards the
Understanding of the Physically-Limited Operation of LiCAF: Ce Tunable Solid-State Laser, " OSA Proc. on Adv.
Solid-State Lasers 20, 222-226 (1994).
[37] Semashko, V. V., Dubinskii, M. A., Abdulsabirov, R. Yu., Naumov, A. K., Korableva, S. L., Sherbakova, N. K. and
Klimovitskii,  A. E.,  "Investigation of Multisite Activation in LiCaAlF6: Ce3+ Single Crystal Using Stimulated
Quenching of Luminescense Technique, " Laser Physics 5(1), 69-72 (1995).
[38] Abdulsabirov, R. Yu., Dubinskii, M. A., Korableva, S. L., Naumov, A. K., Semashko, V. V., Stepanov, V. G. and
Zhuchkov, M. S., "Crystal Growth, EPR and site-selective laser spectroscopy of Gd3+-activated LiCaAlF6 and
LiSrAlF6 single crystals, " J. of Lum. 94-95, 113-117 (2001).
[39] Bogdanovich,  M.  V.,  Grigor'ev,  A.  V.,  Kabanov,  V.  V.,  Lebiadok,  Y.  V.,  Ryabtsev,  G.  I.,  Ryabtsev,  A.  G.,
Shchemelev, M. A., Dementjev, A. S., Agrawal, L. and Bhardwaj, A., "Amplified spontaneous emission induced
peculiarities of the passively q-switched diode pumped erbium laser dynamics, " Lith. J. Phys. 50(4), 413-418
(2010).
